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We, Babcogk & Witcos: Limit^>d, a 
Britisb. Company, of Balbcock House, 
iFarringdoit Street, London, E.C.4 
(Assignees of Halph Mautik Hauxsg^rove, 
5 a citizen of tlie United States of Americfa, 
of 719, HigHand Avenue, Westlieid, 
County ;of Union and State of New Jersey, 
United States of America), do herefiy 
declare tlie nature of this inyention and 
10 what manner the same is to be per- 
formed, to he particularly described and 
ascertained in and by the following" 
statement : — 

This invention relates to a process for 
determining the quality of material 
which makes it subject to ^ sub-division 
under mechanical action in /order to 
determine the ability of a machine to sxih- 
divide such a products 
20 The invention is especially useful for 
testing the grindability of coal and hence 
the effectiveness of a machine for grind- 
ing or pulverising a particular coal. 
Thus the invention affords a; meaus Iby 
which the capacity^ and fineness, of 
grinding of a, grinding mill when 
operating on a particular Coal- ciaji 
be determined and thus a- ineans 
by which the mill to treat thai; coal can 
30 properly designed. The iiavention is 
not restricted to the determinatioit of the 
grindability of coal, as- the process may 
be rapplied to' anj materiar which can be 
pulverised, for instance,^ ore, talc, rock, 
35 cement and other materials. 

One object of the invention is to pro- 
vide a standard method which may be 
employed with different materials at 
different times and places and produce 
40 companaible results. A further object is 
the provision of such a method in a form 
which may be easily used with a minimum 
of calculation. A further object is to 
provide grinding apparatus suitable for 
45 carrying out the method ; such apparatias 
must be so constructed and larranged that 
materials can be subjected to a definite 
process of pulverization, that is to say 
that the apparatus can readily and 
precisely be adjusted to perform the same 
amount of work upon both a standard 
material and a material under test, but 
the invention c^pmprises apparatus as thus 
[Price 1/-3" 
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defined only wheii u&ed for carrying ottt 
the method ox process. 55 

Illustrated' in the accompanying draw- 
ings are two types of machines which miay 
be employed in connection with the inven- 
tion. Thus — 

Eigure 1 is a vertical mid-section qq 
through a ball mill which may !be used 
for the purpose of the invention, and 

Eigure 2 is a vertical section through 
a mortar and pestle apparatus for use in 
connection with the invention. 55 

In carrying out the process which ^ is 
the subject of this invention we pulverise 
separately but under similar conditions 
equal weights of the material to be tested 
and a standard material which is 70 
arbitrarily selected, both being initially 
divided tp equal fineness. "We then com- 
pare the fineness of the two results. 

Accordingly, a definite weight of the 
two materials is selected, both being 75 
divided to a given fineness. This may be 
accomplished by crushing the material in 
any suitalble apparatus. A coffee mill of 
the usual type has been found very satis- 
fiactory for effecting this crushing, as it 80 
produces an exceedingly small amount of 
fines. 

A definite weight of the crushed 
material is n^ow selected,- between given 
limits of fineness; for^ instance, by 35 
selecting material which will pass through 
a screen of a given mesh but which will 
not pass through a screen of a smaller 
mesh. The same weight of la standard 
material and of the material whose 90 
grindability is to be tested is selected for 
the test samples. 

These two samples are pulverised 
separately under similar conditions, and 
this may he accomplished in any suitable 95 
apparatus : for instance, a ball mill such 
as that illustrated in Eigure 1, or a mortar 
and pestle apparatus like that shown in 
figure 2. In either case both samples are 
subjected to la definite process of pulverisa- LOO 
tion, that is to say — a process which is 
identical in each instance. 

Where the ball mill is employed, the 
divided material which has been crushed 
is deposited on the circular track 10 "and j^QS 
is pulverised by rotating the balls 11- 
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aJbout ihe track for u definite numlber 
of revolutions. The balls are given a 
definite pressure^ for instance, iby means 
of a sprmg 12 actings tkrongh. a sliaft 13 
g upon a circular ring 14 which bears upon 
each of the balls. Obviously, a weight 
of given mass could replace the spring 1^ 
in a manner too well known %o require 
illustration. After each sample has been 

'10 subjected to the pulverizing action of the 
balls which have made the same numlber 
of revolutions a)bout the track 10 in each 
case, they are ready for the comparison 
of grindability. 

15 Instead of the ball mill which has Just 
been described, a mortar and pestle appa- 
ratus such as that shown in Eig. 2 may 
be employed. In this case each sample 
is placed in the mortar 20 and is siib- 

20 jected to the pounding action of the pestle 
21 for a definite number of strokes. The 
pestle is operated through a link 22 
which lias a pin 23 engaging with a slot 

24 in the upper end of the pestle. The 
25 opposite end of the link 22 is pivoted at 

25 to the end of a lever 26 whose other 
lend is pivoted at 27 to the frame of the 
machine. A connecting rod 28 lalso has 
«ne end pivoted to the link 22 and the 
lever 26 at 25. The other end of the 
connecting rod 28 is pivoted at 29 to a 
wheel 30 which is driven in conventional 
manner from a motor 31. 

In operation, rotation of the wheel 30 
' 35 lifts the pestle from contact with the 
mortar Iby means of the pin 23 engaging 
-with the slot 24 therein. The motor 31 
acts through the members named to mise 
the pestle and as the pivot 29 passes dead 

40 centre at the top of its travel, the pestle 
is allowed to drop into the mortar. The 
travel of the pivot 29 is just a little more 
than the dista^tce the pestle is raised 
above the bottom of the mortar and the 

45 speed of operation is such that the fall 
of the pestle due to gravity is a little 
slower than the actual travel of the pivot 
29. Thus, a true 'dropping motion of the 
pestle is produced. However, the pestle 

gQ does not travel consistently with a vertical 
motion due to the effect of the lever 26 
upon the pivot 25 tlii:ough which the link 
'22 is actuated. The pestle is thus given 
a swinging motion which permits it to hit 

g5 in various positions thereby working all 
over the bottom of the mortar. 

After the same number of strokes of 
the pestle has been given each sample, 
the two pulverised materials are in con- 

gQ dition for comparison. 

When the two samples, that is to say 
— the sample of the standard material and 
■ that of the material under, test, have been 
pulverised under identical conditions 

65 they are compared in order to dbtain a 



measure of the grindability of the 
material under test. This comparison i& 
based upon Rittinger's law, which states 
that^ the work done in grinding is pro- 
portional to_ the new surface produced. 70 
If the work is the same in each case com- 
parison of the new surfaces produced 
will give a comparison of the grindability 
of the two materials. The new surface 
produced is a. function of the change in 75 
diameter of the particles, and this change 
in diameter miay be measured !by the 
difference between the initial diameters 
of the particles and their final diameters. 
This difference may be measured by com- 80 
paring the size of screen through which 
the final particles will pass with the size 
of screen through which the original 
particles would pass. 

In accordance with the above, the §5 
pulverised product in each case is screened 
through a series of screens and the weight 
of material caught by each screen is 
noted. 

Since a start was made with the qq 
standard material land the material under 
test in the same condition of division and 
since the same identical process has Ibeen 
employed in connection with each, the 
grindability of the material under test gg 
may be determined directly Iby comparison 
of the different sizes disclosed by the 
screens with the different sizes similarly 
disclosed in the case of the standard 
material. lOO 

Obviously, ^ the standard sample need 
not be pulverised each time a test is made. 
A standard process being developed, and 
the new surfaces produced upon this 
standard sample by the standiard process i05 
having been determined, only the test 
sample need Ibe pulverised to make the 
comparison. 

- Two examples of how the process may 
be applied are given Ibelow : . ilO 

ExAMPI/B I. 

A sample of 150 ^rams of the coal to 
be tested is crushed m a coffee mill until 
all of it will pass through la 16-mesh 
screen. This material is then screened on 115 
a.SO-mesh screen, tbat going through the 
screen being rejected. 

A further sample of 50 grams of the 
product which has passed a 16-mesh 
screen and which will not pass the 30-mesh 120 
screen, is placed on the circular track or 
lower grinding ring of a ball mill such 
as that illustrated in Pigure 1 of the - 
drawings. A pressure of 30 lbs. is 
applied to^ the balls through the upper 125 
grinding ring and the apparatus is rotated 
at 21 r.p.m. for 60* revolutions of the 
upper grinding ring. 

The partly pulverised sample is now 
removed from the mill and screened in 13(1 
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a series of standard screens in accordance with, tte following table : 



Standard • 
screen 
mesh. ' 


Opening 
inches. 


Per- cent 
of sample 
oatight on 
screen. 


Average 
diameter 
of 

particles. 


Eactor== 
reciprocal 
of 

diameter. 




16 


,046 










30 


.0232 


24.4 


.0346 


29 




60 


.0097 


36.0. 


.01645 


61 




100 


,0068 


13.8 


.00775 


129 




140 


.0041 


7,2 


.00495 


202 




200 


.0029 


3,8 


.00360 


285 




230 


.0024 


1.6 


.00265 


377 




200 


.0019 


2.4 


.00215 


465 




(Tlirough 300) 




10.8 


.00100 


1000 





10 



15 



Total surface units 



708 
2196 
1780 
1454 
1084 
602 
1116 
10800 

19740 
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25 



30 



35 



45 



50 
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The first column giTes the difEerent 
meshes in the series of screens. The 
second colxinin gives the openings in each 
screen in inches. The third column gives 
she per cent, by weight of the ^ sample 
caught on each screen (it Iheing re- 
memibered that the sample was originally 
crushed to a size which would pass a 16- 
mesh screen). The fourth column gives 
the average diameter of particles canght 
on each screen, this aver.age diameter 
being afisutned as the average between the 
opening in the screen through which the 
material passed and that in the screen 
upon which the material was caught. 
The fifth column gives a figure which is 
the reciprocal of the average diameter 
given in the fourth column. The average 
diameter of material passing through the 
300-mesh screen is assumed to be 0.00100 
inches, which is probably not far from 
the truth. In any case the same assump- 
tion is made with respect to both the 
standard sample and the sample under 
test. The sixth column gives the product 
of the per cent, (given in column 3) 
multiplied by the factor given in colunm 
5, and the result is proportional to the 
total surface of the particles in accordance 
with Rittinger's law. The product given 
in column 6, we designate surface 
units By adding all the surface units 
in column 6 a figure representing, the total 
surface of all of the particles of the partly 
pulverised sample is obtained. 

Since all of the particles of the sample 
before pulverisation would pass a 16-mesh 
screen, and would not pass a 30-mesh 
screen, the factor for the 50 grams selected 
for pulverisation is 29 (see column 5).^ 
The original surface is therefore repre- 
sented iby 100% multiplied by this factor 
29 which equals 2900. 

According to Rittinger's law, the work 



done in pulverising a material is propor,- 
tional to the new surface produced. 
Therefore, the new surface is represented 
by the difference [between the totaL surface 
before pulverisation and the total surface 
after pulverisation or 19,740 less 2900, 
which gives us 16,840. 

Treating a similar sample of 50 grams 
of a standard material which will pass a 
16-mesh screen, but which will be 
caught on a 30-mesh screen, in identical 
mianner, gives us 29,961 new surface 
units ; and the grindability of the material 
under test is the quotient obtained from 
dividing the new surface units produced 
in the a ample to Ibe tested by the new sur- 
face units produced in the standard pro- 
duct. Thus — 



60 



Q-rin(da;bilitT— 



16,840 
29,961 



=56.2 per cent. 



Example II. 

In a similar manner 150 grams of coal 
to !be tested is crushed in a coffee mill 
until all of it will pass through arfl6-mesh 
screen. The crushed material is .subse- 
quently screened on a 30-mesh screen and 
the material passing through the latter 
screen is rejected. 

A sample of 40 grams of the miaterial 
which will pass a 16-mesh screen but 
which will not pass a 30-mesh screen, is 
placed in a mortar such as that shown in 
Eig. 2, and is pulverised by 1300 strokes 
of a pestle in a manner already described. 

The product is then passed through a 
series of screens after the manner 
described in Example I. The following 
table gives the corresponding values for 
the determination made in iiis case, the 
process of screening and determining the 
su2;£ace uuits feeing the same as iin 
Example I. 



70 



75 



80 



85 



90 



95 
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btandara 
screen 
mesh.. 


Opening 
inokes. 


P^r'oeitiir 
of sample 
oanagfoit on 


Average 
diameter 
of 

parfeteles. 


Factor:^ 
reciprocal 
of 

diameter. 




16 


• 046 










30 


!o23s: 


30.0- 


.0M6 


29 = 


1131 


60 




27.6 


.01645- 


61- == 


1684- 


100 


.0058 


10.0 


.00775 


129 = 


1290 


140 


.0041 


4.6 


.00495 


202 = 


929 




.0029 


3.8 


.00350 


285 = 


1183 




.0024 


1.-7 


.00265 


377 = 


641 


SO0. 


.0019 


2.0 


.00215 


465 = 


930 


(Thrtm^ 300^- 




11.5 


•WlOO 


1000 = 


11300 



Total surface Tuoits 



190S8 



15 Tlie columns in the aibove table corre- 
spond to tkose in- ih.&. tablfe gi^en under 
Example I, and tke original surface of 
tke 40 gram sample is, of course, repre- 
-^eated by 100% multiplied by tke factor 

20 29 or 2900 surface units exactly as was 
tke ease in Es:ample I. S^tibtr acting tke 
^900 initial surface units from the total 
surfatje units given in column 6 (19,088 
^ surface units) giye& us a net of 16,184 new 

-25 surface units produced. 

Tke new surfiace units for tke standard 
sample were 30,486 and dividing tke 
surface units obtained for tke sample 
unSer tfe&t by tkis figute gives a grind- 

30 ^ility of 53.2 pfep cent. iSke equation 



Grinda'bilityss ^^^^2^ =53.2 per cent. 

As kas ibeen explained, a stjandisrd 
metkod is provided wMcH' may be 

35 employed witk different materials at 
widely separated places and at di^erent 
times, tke results being in all cases of a 
mature wkick may Ibe compared. It will 
Ibe observed tkat a miniranm of calcula- 

40 tion is required in order to determine tke 
grindability of. any sample. Tkis is 
brdugkt out clearly in tke two e^samples 
giveit. 

♦ As a result of experimental^ researck it 
'^5 is. clear tkat tke grindability of tke 
material bears a definite relation to tke 
capacity in tons per kbur of tke mill. 
For esample Using tke same mill and 
drierent materials we find tkat witk 

W material kaving a grindability of 31 vre 
are able to obtain 19 ;2 tons per kour, witk 
a material kaving a grindability of 45 
tke mill kad a capacity of 22.4 tons per 
kour, and witk a material kaving a 

55 grindability of 72 tke mill kad a^ capacity 
of 36 tons per kour. Since tke mill takes 
aibout tke same power wken it is fully 
loaded irrespective of tke number of tons 
it is producing, it folloivs tkat tke power 

"(SD per ton is inversely proportional to tke 



capacity and tkerefore inverselj'^ propor- 
tional to tke grindability of tke material. 
Tkus^ given tke grindability and tke 
capacity req[uired it is possible from known 
data to design a mill wkick will fulfil tke 
r^^q^uirements: 

In order to grade coal according to its 
different constituents it kas been proposed 
to subject coal to a disintegrating or 
skattering treatment as distinct from a 
grinding or^ crusking treatment in- order 
to break it up -along lines of cleavage and 
separate tke diferent constituents of tke 
coal from oiae anotker^ !Por tke purpose 
of aseeftailiing^ tke relative- degree .of 
kagrdness- or teniacity of tk^ diferent con- 
stitueiitb in' atiy particular coal and kence 
ih^' deg^^ee of skatterin^ likely- to produce 
particles of ' tkefse^ coastitufents of different 
Biss^B- adapted j for' separation of these 
<S(jn&tittfents> from on^ aiiotker by siftiag^ 
it has- been suggested to subject fragmente 
of tke different constituents separately tb 
similar disintegration treatment in^^ a 
mortar; to sift at ifatervals and to fceep a 
record of tke amounts passing tkrougk a 
sieve, tken to test a sample of average 
composition and'from tke results obtained, 
ascertain tke degree of disintegration 
required to provide tke best result witk 
laKy type of coal, Tke present process is 
not a process involving- separation of tlfb 
different constituents of coal from one 
anotker. 

Saving now particularly deserilbed and 
ascertained tke nature of our said inven- 
tion and' in- wkat manner tke same is tb 
be performed- we declare tkat wkat we 
claim is : — ■- 

1. Eor use in guiding and controlling 
tke efficient and economical grinding of a 
particular material a process for deter- 
mining tke gtikdability of tke material 
wkick ^ comprises^ selecting^ a" definite 
weigkt- of tke material divided to a given 
fikenesSj subjecting tkis selected material 
to a definite process of pulverisation %- 
apparatus (Mmsfracted and arranged- as 
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hereinbefore defined, and comparing tlie 
result with, tliat obtained by submitting 
a standard material to the same series, of 
steps. 

2. In a process for determining tne 
grindaibility of a material as claimed in 
claim 1 tbe step of screening tke material 
and comparing the restilt with, tbat 
obtained Iby submitting a standard 

10 material to tlie same series of steps. 

3. In a process for determining the 
grindability of a material as claimed in 
claim 1 determining a factor which is a 
fxinction of the new surfiace produced by 

15 the pulverisation, and comparing the 
result with that obtained by submitting 
a standard material to the same series of 
steps. 

4. In a process for determining the 
20 grindability of a material as claimed in 

claim 1 computing the new surface units 
produced by the process of pulverisation, 



and comparing said surface units with 
the surface units produced in a standayd 
material iby the same steps, substantially 
as descrilbed. 

5. Apparatus as hereinbefore defined, 
when used for carrying out the processes 
above claimed, constructed and arranged 
for operation substantially as described 
with reference to Fig. 1 of the accom- 
panying drawings. 

6. Apparatus as hereinbefore defined, 
when used for carrying out the processes 
above claimed, constructed and arranged 
for operation substantially as described 
with reference to Fig. 2 of the accom- 
panying drawings. 

Dated this 8th day of April, 1932. 

cruikshane: & faieweathee, 

65 — 66, Chancery Lane, London, 
and 

29, St. Yincent Place, Glasgow, 
Agents for the Applicants. 
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